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OF 1710-CUBIC-INCH DISPLACEMENT

By Jonn E. Povolny, end Louls J. Chelko

SUMMARY

An extenslve Inveatigablon of the cooling characteriletice of a
multicylinder, liquid-cooled siroraft engine of 1710~cublc~inch dias-
plecement was conducted at the NACA Cleveland laborastory. The
reosulta of thie inveetigation are presented ehowlng the varlation
of the oylinder-head temperature and the coolant heaet rejection
wlth the pertinent engine and coolant varileblee, The data, which
were obtalned on five engines, are preeented for power outpute up
to 1860 brake horsepower, coolent flows from S0 to 320 gallons per
minute, and wlde ranges of engine aspeed, manifold preseure, fuel-
ailr ratio, Inlet-alr btemperature, ignitlion timing, exhauset preeaure,
end coolant composition, temperature, and preseure. The rangee of
varleblee included operation inbo the bolling range of the coolant
for which various phentcmenz are deecribed.

INTROTUCTION

The cooling characteristlcas of reclprocating elroraft englnee
are an importent factor for estlisfactory performance at extreme
condltlions of operation, A considersble mmount of date on the
cooling characterlstlica of various eir-oooled englnea has been
published by varilous investigatore but little dmta have bheen
publlehed on the cooling characterletics of ligquid-oooled englnes.

An extenslve inveetlgatlion of the cooling characteristics of
liguid-cooled enginee was therefore lnstltuted at the NACA Cleve-
land leboratory in 1943, The initlal phase of thia investigetion
consisted of a eeriee of tests conducted on e alngle~-cylinder
englne to provide dasta for e fundamental study of the heat-transfer
proceseed involved. Theee data, which lsolate the effects of the
varlous englne and coolant variebles on the cylinder-head tempera-
tures, are presented In reference 1. In reference 2, an snalyels
based on the theory of nonbolling forced-convectlon heat transfer
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was mede of the cooling processes Iln a ligquld-cooled engline and =
semienpirical method of correleting the coylinder-head temperstures
with the primary engine and coolant varigbles, similar to that pre-
sented in rsference 3 for alr-cooled sngines, was derived and suce-
ceggfully applied to the date of reference 1.

Following the Investigations oum the single-cylinder engine, &
ocmprehenalve investigation of the cooling characteristica of a
multicylinder engins of 1710=-cubic-lnch displacement was conducted
during the period 1544-46, Both the oylinder-head temperatures and
the -coclant heat reJjection were determined for power outputs up to
1860 brake horsepower over wide ranges of engine speed, manifold
pressure, fuel-air ratio, inlet-alr temperature, ignition timing,
exhaust prassure, and coolant flow, composition, temperature, and
pressure.

APPARATUS

Eogines

The Investlgation was conducted on five V-1710 engines, which
shell be deslgnated hereinafter englnes A, B, C, D, and E. All
engines were standard produotion models of the gams design with
regard to cooling and were unmeodified except for the following:

l. Engine B was fltted with an aftercooler for pert of the
investigation.

2. Engines C, D, and E were equipped with pistons machined
0.005 inch under standard dismeter,

3. Engine D was eguipped with a varieble lgnition-timing
device for part of the Investigation,

These englines are liguid-cooled and heve six cylinders In
each of two banks. The cylinder bore and stroke esre 5.5 and
6.0 inches, respectively, and the dlsplacement of the englnes l1s
1710 oubic Inches. The engine models used In the Invegtigation
have s compression retic of 6.65 and are fltted with a single~
stage gear-drilven supercharger having an lmpeller diamster of
9.5 inches and a superchargsr-to-engine-gpesd ratlo of 9.6. The
gtandard ignition system 1& timed to fire the lntake spark plugs
- at 289 B.T.C. and the exhaust spaxrk plugs at 34° B.T.C. The valve
overlap extenda over a period of time egqulvalent to 74° travel of
the orenkshaft. Fach engine was equipped with an air-blast tube
to cool the exhsust sperk plugs.
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General Engine Setup
A plen view of the englne setup is shown in figure 1.

Power measurement. - The engine was mounted on & dynamometer
stand egquipped with a 2000-horasepower air-gap eddy-current dynemom-
eter. The engine speed was electronlcally controlled and vwas
measured on a chroncmetrlc tachometer., A calibrated air-balanced
diaphragm measured the torque transmitted to the dynsmcmeter,

Conbustion-air system. - Combustion alr was suppllied to the
engine by the laboretory central system end was metered with an air
orifioe, which wes installed in the inlet-air ducting according to
A.5.M. B, specifications, The temperature of the alr weas controlled
by passing it through elther & heater or refrigeration unit and the
alr was cleaned by passing it through a filter. Thermocouples and
pressure taps were inatalled at the orifice and at the carburetor
inlet for meesuring the temperature and the pressure of the alr at
these locabtions,

Exhenst system., - The engine exhaust geses were removed by
means of the laboratory central exhaust system, which also provided
the desired exhaust pressures, Water-Jacketed exheust stacks were
wsed for all of the tests except those in which the exhaust pres-
sure was varled., The stacks and colleotor used for the varisble-
exhsust-pressure runs were of ‘the type used with a turbosupercharger
Ingtallation cn a typleal fighter plane.

Coolant system., - A diagrammatic sketch of the coolent aystem
is shown in figure 2(a). An auxiliary pump installed in the main
coolant line and used in conjunction wilth bypass and throttle
valves permltted control of the cooclant flow independent of the
enging apeed. A venburi was used to measure the flow. A wvalve
was locabted downstreem of the venturi to ralse the pressure in the
venturi throst sufficiently to prevent cavitation during overatiom
et high coolent flows and low coolant pressures, A compressed alr
and bleed-line combinstion ¢onnected to the coolant expansion tank
was used to obtaln desired englne ocoolant-outlet pressures. Vapor
separators were installed in the engine cocolant-outlet lines %o
remove alr or any vapor that resulted from bolling of the coolent.
In order to permit cbservation of the coolant condition, sight
glasses were installed in the engine coolant-outlet vent lines and
the wapor-separstor vent lines.

The coolant temperature-control unlt consisted of two alrcraft-
type coolers with a bypess line around them and = thermostatically
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operated mixing valve installed at the Junction of the maln and
bypass linesa. WVater was used a3 the cooling medlwm end the flow
was meesured with calibrated rotameters.

. 011 system, - A disgrammatic sketch of the oll system 18 shown
in figure Eibi. The oll flow to the engine was measured by meang
of an oll-welghing device incorporated 1in the oll-supply tank, as
described in reaference 4. The cll temperature-control unlt was
gimilar to that used In the cecolent systen,

Coolantsg, fuel, and oll, - The ooclants used were AN-E-Z2 eth-
Jlene glyool, 1l0O0-pexrcent water, and mixtures of 30-, 50-, and
70-percent by volume of ethylene glyceol in water. The specifica-
tion of AW-E-Z ethylene glyoecl on a welght basls 1s 94.5-percent
ethylene glycol, 2.5-percent trlethanolemine phosphate, and
3.0-percent water. For oonvenlence, AN-E-Z ethylene glyccol will
be referred to as a "naminal” (by volume)} mixture of 97-percent
ethylene glycol and 3-percent water, In order to Inhlbilt cor-
rosion, 0.2 percent by volume of NaMBT (scdium mercaptobenzo-
thiazole) was sdded to all coolant mixbtures.

For all runs, AN-F-28, Amendment-2, fuel was ussd and was
metered by callibrated rotameters. For knock-free engine operation
at high power, 3 percent by volume of xylidines was added end the
tetraethyl lead concentration was incremsed to & milliliters per
gallon,

The lubricating oll used throughout the tests was Navy 1120.

Tpstrumentatlion

Thermocouples for messurling engine temperatures. - The

¢ylindexr-heed thermocouple installation is shown in filgures 3

end 4. Thermocouples were installed in the cylinder head bebtween
the exhaust valves for &ll engines, in ths cylinder head between
the intake valves for all of the enginea except engine B, in the
cylinder head at the exhaust spark-plug boass for all of the engines
except engines B and E, and on the exhaust-valve guide, the exhauat
gpark-plug gesket, and the Iintake spark-plug gasket for engine A
only. Several mebthods were employed to form the hot Junctions of
the thermooouples located inside the cylinder head. The most
satisfactory methed was to silver-solder the two leads of the
thermocouple to a emsll brass plug; the plug was then pesned into
a number 56 drilled hole Inch deep located at the botiom of a

%-inch drilled hole. The leads weXre packed in place in the %-inch

483
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hole with porcelain cement and were covered on the outside of the
engine with %-inch thin-wall stainless-steel tubing to prevent

breskage. The thermocouple holes were located with drill Jigs in
each cylinder head and in each englne.

Cylinder-barrel thermocouplss were installed on engine A, as
shown in figure 5., Thermocouples were located at the top of each
¢ylinder barrel on the intake and exhsust sides, and st the middie
of each barrel on the exhanst side. In addition, cylindere 1 and 6
of both banks had thermocouples located at the botbtom of the barrel
on both the lntake end exhaust sides. For all locations, the hot
Junction of each thermocouple was made by spot-welding the wires +to
the barrel. The hot junceticn was then covered with an imsulating
vernish, which was baksd dry. The leads ware insulatsd from the
barrel by means of a flexible glass sleeve and securely 82teked at
intervals by short pleces of Nichroame wire spot-welded to the
barrel. The leads were gethered together and brought out through
pressure-tight fittings screwed into the cylinder on the inbtake
side, as ghown in figure 4.

All thermocouples used for cylinder-temperabture measuraments
were made of Z24-gage iron-conatantan wire and were connected to
self -balancing direct-resding potentiocmeters.

Thermccouples for measuring ligquid temperatures. - The tempera-
tures of the coolant, the 0il, and the cooling water were measured
at the locgbions shown in figure 2 by both coppser-constanten and
iron-constantan thesrmeocouples. The copper-constantan thesrmocouples
were connected to =z portable pPrecision-type potenticmeter equipped
with 2 sensitive light-beam galvencmeter and gave an accurate
measurement of the temperaturs differences across the engine and
the coolers. The Iron-constantan thermocouples were conneoted to
a sslf-balanoing direct-reading potentiometer and gave an lmmediate
indication of the tempersture.

Pressure taps. - Fressure taps were installed in the coolant
and oil systemz at the locations shown in figure 2. In order to
determine the cooclant-flow distribution through the engine, pres-
sure tape were also instaelled across the standard coolant-metering
orificss in the cylinder Jacket (figs. 6 and 7). These ooolant-
metering orifices were calibrated in a bench sebtup.
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PROCETURE AND METHODS
Conditions

. Cylinder temperstures and coolant heat rejectlons were deter-
mined over the following range of condiltions;

0-062 - 0-118
. "413 - 184

Fuel-air ratio s [l - 3 - s - - - -
Carburetor-alr temperature, °F . .
Ignition timing, deg B.T.C.

En.ginﬂspeed,rm...................1200-3200 g
Manifold pressure, in, Hg @#baolute ., . . . + o &+ « » » 21,0 - 73.0 w
Engine power, BHD . . 4o o o o o o o s o o s o s 4 + o+ o 275 = 1860
Cherge flow {air plus fuel), 1b/86C « « « o + o & « o » 0,73 = 4.40

Intakesp&rkpl‘ugﬂ 00000330030003330338-48
m'haustspﬂ.rkplugs...................14-54
Exhaust pressure, in. Hg absolute . . . . + + « « « + +» 6.0 - 61.0
Coolantflw,galfmin.................. 50"'520
Average coolant temperature, OF . . . « s s o o o s . . o 149 - 302
Englne coolent-outlet pressure, lb/sq in. gage . . . . « « 10 - 45

Data were cbtalned for coolants composed of 100-percent waber and
mixturea of 30, 50, 70, and 97 percent by volume of ethylene glycol
in water. .

In order to lsolate the effect of the engine and coolant
varlables on the cylinder temperatures and coolant heat rsjectlon,
one of these parameters was varled in each test while, in general,
all the others were maintalined consbant. A complete summary of the
conditions of the inveatigation -l presented in table I, &nd all of
the pertinent conditions for each test except lgnition timing,
exhaust pressure, asnd oll-inlet temperature are also given In the
legend of each figure., These three ltems are amitted from the
figures because they were constant (see table I for values) for
all of the teste, except thoame In which they were the primary
variable.

The charge flow {alr plus fuel) rather than the brake horse-
power was held constant for most of the tests in which cne of the
obther parameters was varied., For the varlable engine-speed and
variable exhauat-pressure tests, the charge flow was maintained
constant by varylng the manifold pressure accordingly. For the
variable charge-flow runs, two methods were employed to vary the
charge flow: (1) the englne speed was held constant while the
menifold preasure wes varied, and (2} the manifold pressure was
held comatant whille the engine apeed was variled.
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The coolsnt flow wes varied at seversl engine powers for
several combinations of ocolant temperature, pressure, and composi~
tion. The highest coolant flow attaineble in esch cese was limited
sither by the cavitation characteristics of the pumps at low cool-
ent pressure or the cepacities of the pumps at high coolant pres-
sure. The lowest coolant flow attainable was limited by severe
bolling of the coolent in the engine. Depsending upon the type of
tests conducted, either the average or the outlet ocolant tempera~
ture was held constant.

The ethylene-glycol concentration of the coolant was deter-
mined from the boiling point and the specific gravity of samples
taken at intervals throughout the lnveetigation.

Calculations

Temperature averages. - The aversge oylinder temperature for
each thermocouple locetion was determined by averaging the tempera-
tures measured at that location in a1l 12 cylinders. The average
coolant temperature was taken as the arithmetic mean of the meas-
ured inlet and outlet temperatures in each case.

Heat rejected to the coolant. - The heat rejected to the cool-
ant was determined by two methods: (1) from the measured tempera-
ture rise and flow of the coolant through the engine and (2) from
the measured temperature rise and flow of the cooling water. The
heat rejected to the coolant is presented on the basls of method 2
because at the low coolant fiows, when large amounta of vaper were
formad, method 1 would not include the heat of vaporization end at
the high coolant flows difficulty was experienced in acceurately
messuring the small temperature rise Incurred in the passing of
the coolant through the engine. The externsl heat losses from the
coolant pipling wore estimeted to be about 2 percent of the heat
rejected and the heat rejections cslculated on the basis of
method £ are corrected for these losses.

RESULTS AND DISCUSSION
Relations betwesen Cylinder Temperatures

Phe reletiocn between the average temperature of the 12 oyl-
inders in the cylinder head between the exhanat valvea and the
temperature of the hottest cylinder (maximmn temperature) meesured
for the same location is shown in figure 8. All the dats obimined
on the five engines for the various operating conditioms
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investigated are presented, and the scatter 1s within $0°F., A
linear wvariation i1s noted for the entire renge of eratures
meagursed with the marimm temperature ranging from 10° to 20° P
higher than the average temperature.

The variation of the aversge temperatures for the various
locations in the cylinders with the average oylinder-head tempera-
ture between the exhaust valves 1s shown in figures § to 16 for
all the data at the various cperating conditions. A linsar rels-
tion existe 1n each figure and the mean scatter of the data is
about #15° ¥. The average temperature at the various locations in
the cylinder are lower than the temperature between the exhaust
valves by the following amounts:

Location Temperature Flgure
difference
(°F)
Between intake valvea 60 to 110 g
Exhaust spark-plug boes 50 to 785 106
Exhaunet epark-plug gaeket 140 to 155 11
Intake epark-plug gasket 145 to 180 1z
Exhaust valve guide 145 to 170 13
Middle of barrel, exhaust side 170 to 210 14
Top of barrel, intake side 150 to 170 15
Top of barrel, exhauast side 160 to 190 16

Because of the linear relation existing between the temperatures
in the variocus locations in the cylinders, the variation of only
one of them with the pertinent engine and coolant variables 1is
preaented. The average cylinder-head temperature between the
exhaust valves wae chesen for this purpose because 1t was meag-
ured in the hottest regicn of the cylinder head apd thus i1s most
indicative of critical cooling conditioms.

Effect of Engine Variables on Average Cylinder-Head
Temperature between Exhaust Valves
Charge flow and engine power. - The effect of charge flow on
the average cylinder-hoad temperature betwesen the exhaust valves

is presented in figure 17 for two fuel-air ratios, a range of
carburetor-air temperatures, and for both variable-speed and




NACA TN No. 1806 g

variable-manifold-pressure data. Although a straight line may bs
drawn through all the data for each fuel-air ratio, a close lnspec-
tion shows thet the cylinder-head temperature for the varlable-
speed data increases slightly faster then for the variable-menifold-
rresgsurs data for the same change in charge flow. The more rapid
increase of the cylinder-head temperature with engine speed is 2
result of an attendent increase In the inlet-manifold temperature
caused by an Increass In the temperature riese across the super-
charger. The stralght lines, which represent all the dats, show
an increase ln average cylinder-head temperature with charge flow
of sbout 50° F per pound per second increase in charge flow.

In order to permit a determination of the variation of the
cylinder-head-temperature data of figure 17 with engine power, the
variatlon of englne power with charge flow 1z presented in flgure 18
for engine spesds of 2800, 3000, and 3200 rpm. For each englns
speed presented, the engine power increased linesrly with charge

LPlarr and an drnamanags 9n ancslnes neacaw &F 1 hvalra homaan eraw

resulted Iin approximetely a 10° ¥ increase in head 'bempara,tm'e.

Carburetor-air tempereature. - The effect of carburetor-air
temperature on the average cylinder-hesd temperature between the
exheust valves 1s presented in figure 18 for four values of charge
flow. For 11 charge flowe presented, the inoresse in the average
eylinder-head temperature with carburetor-air temperature was
linear and amounted to about 3° F for an increase of 100° F in
carburetor-alr temperature.

Engine speed. -~ The variation of the average cylinder-hoad
temperature between the exhsust valves with engine speed 18 pre-
gented in figure 20 for several combinatioms of charge flow and
carburetor-air temperature. For theme tests, the charge flow was
maintained consgtant by varying the mnifold. rressure as the engine
speed was varied.

The lncreass In the average cylinder-head temperature with

engine omac mma Tinasr P ansah nﬂwﬂ\"na'l-"m ~nP n'hn-nnn 7T per ﬁnr‘

carburetor-alr temperature, end ths maximim increase emounted to
about 8° F for an increase in engine speed of 1000 rpm. As wasg
previocusly Indiceted, thls veriatlen of average cylinder-head
temperature with engine speed 1s attributed to the increase in
manifold temperature czused by an increase in the temperature
riss across the supercharger with engline speed.

Fuel air ratlc. -~ The effect of fuel-air ratlo on the average
cylinder-head temperature between the exhaust valves is presented
in figure 21 for several engine operating conditions. The shapes
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of ths curves ars similar, witl a maximm cylinder-hesal tempsrature
occurring et a fuel-alr ratio of 0.067. This value of fuel-alr
retio is mpproximately equal to that for the stolchiametric mixture.
For an increase in fuel-sir retlic from 0.067 to 0.118, the average
eylinder-head temperature decreassd epproximately 65° F for each

engine operating condition.

Ignition timing. - The variation of the average cylinder-head
temperature between the exhaust valves with ignition timing for
two values of engine speed 1s shown Iin filgure 22. A nminimwm point
in the varistion occurred for an ignition setting corresponding to
an exhaust spark-plug timing of about 30° B.T.C. at an engine
speed of 2600 rpm and about 34° B.T.C. at en engine speed of
3000 rpm. The maximum rate of increase in the average cylinder-
head tempersture with advenced spark timing occurred at an engine
speed of 3000 rpm and amounted to about 20° F for an advance in
the exhsust spark-plug timing from the minimum point (34° B.T.C.)
to 52° B.T.C.

Exhaust prsssurs. = The variaticn of the avsrsgs cylinder-head
temperature with exhaust pressure for the condition where the
charge flow was held consiant by varying the manifold pressure is
presented in figure 23{a) for several fuel-alr ratic and power
condlitiona. For each condition, the incresse in cylinder-head
temperature with exbheust pressure is llnear and is slightly
greater et the lowest fuel-sir reatio. For am increase in exhaust
preasure of 40 lnches of mercury, the increase In the average
cylinder-head temperature renged from about 23° F for a fuel-air
ratio of 0.100 to about 32° F for a fuel-air ratioc of 0.083.

The results obtained when the manifold pressure was main-
tained constant with attendant variation in cherge flow are pre-
sented in figure Z3{b). For this condition the change in the
average cylinder-head temperature between the exbauat valves with
exhauat pressure wae negligible over the entire range of exheust
pregsures investigated. This negliglible change is due to the
fact that the previously determined effect of the Increased
exhasnat pressure wag offset by the effect of the corresponding
decreasse in charge flow.

Varlation of cylinder-head temperatures with engine running
time. -~ The variaticn of the average cylinder-head temperature
with engine running time for several thermocouple locations is
gshown in figure 24. The date presented were cbtalned at a refer-

the investigation on englne D. The coolant used for this refer-
ence operating conditlon was compoged of 30-percent ethylene
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glycol and 70-percent water. Coolents of verious ocmpositions were
used, however, between the runs at the reference cperating condi-
tion. For an increase in engine rumming time from approximately
20 to 150 hours, the average cylinder-head temperature between the
exhaust valves increased sbout 20° F, at the exhaust spark-plug
boas increesed about 6° F, and between the intake valves showed no
change. A leveling off of the ¢ylinder-head temperatures in the

exhaust side of the cylinder head after about 10C hours running

timo is noted. A olose dnspectlion of the coolant pessages of a
scrapped cylinder bdlook revealed scale deposits on the exhmust side
of the cylinder head but none on the inteke side. The incresase of
the temperatures in the exhaust side of the cylinder head is atirl-
buted to these scale deposits. The greater increase with engine
running time of the cylinder-head temperature between the exhaust
valvee as caumpared with that at the spark-plug boss is probably the
result of a greater amount of scale farmatiom in the hotter reglon
of the c¢ylinder head. The leveling off of the exhaust-side tem-
peratures after about 110 hours running time is probably the result
of a stebllization in the amount of scale formed in this region of
the cylinder.

The date presented in all the other figuree are not corrected
for the effect of engine ruming time so that temperaturee obtalned
for exactly the same operating condltlons bub at different running
timee mey be slightly different. The teumperature verieations pre-
sented in each figure were not greatly influenced by engine rumming

tima; because all runa of a meries ware run off in a ralativelr

T e L e [= 4= R Sy S o B et

short intsrval of engine running tinme.

Coolant~-Flow Diatribution

The coolant-flow distribution in the cylinder banks 1s pre-
sented in figure 25 on the basis of the percentage of the total
coolant flow to the englne. The percentage flow distribution was
the same for flows of 144 gallons per minute and 255 gallons per
minute. As & result,-changes in the total coolent flow to the
engins will cause proportional changes in the coolant flow over
each cylinder heed and berréel. Only the wvariatione in the total
coolent flow to the engine will thorelfore be considersd in the

following discusaions of the effects of coolant flow on cooling.
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Effect of Coolant Variables on Average Cylinder-Head Temperatures

between Exhaust Valves

The affacta of the coolant variahlas investigated on the

average cylinder-bead temperature between the exhaust valves are
shown in figures 26 to 3. Each variable rather than each figure
will bs discussed individually, because the effects of certain
variables are illustrated in more then one figure.

Cocolant composition. - A camparison of the average cylinder-
head temperature between the exhaust valvee for coolant mixtures
varying in ocampceition from 100-percent water to 97-percent ethyl-
ene glycel and J-percent water, is pregented in figure 26 for two
engine power conditiona and a range of coolant flows. Thepe data
wore obtained for constant average ¢oolant temperature and non-
boiling coclant oconditioms. The boiling or nonbolling condition
of the occolant was determined by observation of the coeclant in the
sight glasses. The change in the average cylinder-head tempers-
ture cbtained by changing the coolant ccmposition was the same at
both englne-power condltions and was eeeentially independent of
coolant flow for all chenges in coolant compoeition except when
the coolant campositicn was changed to or from 97-percent ethylene
glycol and Z-marcent water. In this caoe the changs in head tem-
perature is greater at the low flowa. For all conliticms, an
increase in the ethylene-glyocol concentration of the cocolant
resulted in an increase in the averege cylinder-hesad tempersture.
A comparison of the aversge cylinder~head temperatures obtained
vhen usling 100-percent water as the coolant with those cbiained
vhen using 97 -percent ethylene glyoocl and 3-percent water shows
differences of about 60° F at a coolant flow of 300 gallons per
minute, and about 90° F at a coolant flow of 50 gallons per minute.

The average cylinder-head temperatures between the exhaust
valves for several coolant mixtures are shown in figuree 27 and 28
for ranges of coolant flow at engine powers of 1000 and 1800 brake
horsepower, respectively. These data were obtained far constant
ocolant-outlet temperatwres, and are pressented for nonboliling and
beiling coolant comditioms. The relative effect of coolant com-
position cbtained at these twe power conditions are similar to
and of the same order of magnitude as those noted for figure 26
even though the ooola.nt bolled under certaln conditions of coolant

BT e ot mvmamen T

flow, tempsraturs, and FLSEsUrc.

Coolant flow. - The variation of the average cylinder-head
temperature batween tho exhaust valves with coolant flow for
ccnstant average coolant temperature and nonboiling ccolant
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conditione is 1llustrated in figure 26. For all coolant mixtures,
the average cylinder-head temperature increased as the coclant flow
wes decreased. A decrease In coolant flow from 300 to 50 gallons
per minunte resulted in a maximm inerease in the average cylinder-
head temperature smounting to aprroximeately 70° ¥ when using the
coolant containing 97-perocent ethylene glycol and an increase of
approximetely 38° F when using eny one of the other coclante inves-
tigated. For these conditions the effect of cooclent flow is nearly
independent of engins power.

Inspection of figure 27 indicatee that for constant cooclant-
ocutlet temperature and nonbolling coolant conditlions, the Increase
in average cylinder-head temperature with decreasing ccolant flow
is similar but slightly lese than that shown in figure 26 for
congtant averaege coolent temperature. This amaller increase in
c¢cylinder-head temperature is largely the result of the decrease in
average coolent temperature accampanyling the decreased coolant
flow. Thie docrease in average coolant temperature when the
coolant-outlet temperature is held constant amounted to about 6° F
for a decrease 1In coclant flow from 250 to 100 gallone per minute
and reosulted from the comstancy of the coolant heat rejlection with
changes in coolant fiow.

The data presented in figure 28 for twe coolant-outlet tem-
peratures and for both nonbolling and bolllng coolant conditions
indicate theat the rate ¢f increase of the c¢ylinder-head tempera-
ture with cocolant flow 1es appreciably affected by the coolant tem-
perature and pressure. A decrease in coolant flow from 300 to
80 gallone per minute resulted in increases in the average cylinder-
head temperature from sbout 8° to 30° F depending upon the coolant
operating conditions.

During these tests, three different modes of heat transfer
were encountered and the exlistence of a particulaer mode was
dependent upon the combinatlion of coolant temperature, flow, and
pressure. The first mode was characterized by the abeence of
bolling of the coolent and by a relatively large Iincreass in the
average cylinder-head temperature with a reduction in coolant flow.
This mode is exemplified by the high-pressure and the high coolent-
flow date presented in figure 28 for the coolant mixture of
30-percent ethylene glycol and 70-percent water at a constant
coolent-outlet temperature of 250° F and also by all of the data
yresented In flgures 26 and 27.

The second mode wae characterized by the presence of moderate
anmounts of beiling as indicated by the pessage of vapor through
the vent-lins sight glesses and by & relatively smmll increase in
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the average cylinder-head temperatures between the exhaust valves
with reducticn in coolant flow. These phencmensa are illustrated in
Figure 28 by all 'I:he data for bothk coclants at a coolant-outiet
temperature of 275° P and by the data for the coolant mixture cof

"10-1191-09711- a'l-'hv] ana a'lvrn'l and 70-'nnw~nn+ water 2t a2 coolant-putled

pressure of 25 pounds per sguare inch gage and a coclant-ocutlet
temperature of 250° F for coolant flows less than 120 gallone per
minute. In these ranges of operaticm, boiling of the coclant
evidently suppressed the normel tendency of the oylinder-head
temperatures L0 Increase as the coclent flow was decreased. The
decrease in the aversge coolant temperature of about 15° F with
decreased coolent flow from about 120 to 50 gallcena per minute also
contributed to the suppression of the hormal tendency of the
oylinder-head temperature to incresse as the flow was decreased.

- £88

The third mode was marked by the presence of large amounts of
bolling and by & repid increese in cylinder-head temperatires with
a reduction in coolant flow. This effect is shown by the curves
in figure 28 for the ccoolant mixture of Z0-percent ethylene glycol
and 70-peroent water at a coolant-cutlet temperature of 250° F and
a coolant-cutlet pressure of 15 pounds per squsre inch gage. The
difference between the second and third modes is similar to the
difference between nuclear and film-type boiling phenamens wiherein

+‘l"ﬂﬂﬂ" +4amy Porrom ““n'lnn-n +m P4 Im_tone Ard1dng waemNts 4n Aanras nad -
Ud QiS4 va Ull 4 L lai L0 12.4M=TUyPe oCli.iillg IeslaitE 1INl Gelreaged

heat transfer becauss of the insuleting guslities of the vapor

film Formed. Besldes being dependent upon the combination of

coolant-cutlet pressure end temperature ocmditions, the range of -
flow whersin each of the faregeing effects predcominate would also

be expected to be dependent upon coolent composition and engine

power level.

The different modes of heat transfer are further illusirated
in figure 29 wherein the effects of coolsnt flow on the cylinder-
head temperature between the exhaust valvee 1s illustrated for
conetant average ooclent temperature and for both nonboiling and
boiling coolant conditions. Data are presented for a coolsnt
mixture of 30-percent ethylene glycol and 70-percent water and
for two cambinetions of coolsnt temperature and coolant-outlet
preasure. The variation of both the average and the meximum
(hottest) cylinder-head temperature are chown and the results are
slmilar in each case. For both average coolant temperatures pre-
sented, the increase in the cylinder-head temperature for a

Aanwoanae 4w mnanTant #1Aer Porm ahennd 290 4m 191’\ a1 Ama nar mdrmards
WUULCQEOU JLil UWUADIAU LUUR LILVAL QuUuu Gw W el WOL UL VY

was of the same order of megnitude as thet shown in figures 26
and 27 for nonboiling coolant conditions. Further reduction of -
the ooolsnt flow from 120 tc 110 garlloans per minute resulted in a
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slight decrease in cylinder-head temperature, which le attribuied
4o a sudden trancsition in tkhe mechanism of heat tranasfer from
mede 1 to mode 2. (This traneltion was more gradual end did not
result in & decrsaee 1ln cylindsr-head temperature for the caee
where the cocolant-outlet temperature was held comstent (fig. 28),
rrobably because of the attendant decresese 1in average coolant tem-
perature with coolant flow.) Further decreasee in ‘the coolant flow
resulted in a more repld rise in cylinder-head temperature than was
obtained at the high cooclant flows. This repld riee was probably
the result of another itransition in the mechanism of heat transier
from mode 2 to mode 3.

To recapitulate, the data ypresented in filgures 26 to 29 indi-
cate that, in general, for any large decrease in coolant flow (2t
leest 100 gal/min) the average cylinder-head temperature between
the exhaust valves increased the greatest amount when the aversge
coolant temperature was held constent and there wae no apparent
bolling of the coolant; 1t increseed the smalleet amcunt when ‘the
coolant-outlet temperature wae held constant and there wae moderete
bolling of the coolant. The greatest rate of inorease in cylinder-
head temperature with decrease in coolant flow coocurred at low
coolant flows and low outlet pressures when bolling of the coolant
was gevere and large smounts of insulsating vepor were formed.

Avorage coclant temperature. - The effect of average coolant
temperature on the averages cylinder-head temperature between the
exhaust velves for coolant mixtures of 30- and 97-percent ethylene
glycol in water 1s shown in figure 30. For bhoth of these coolante
and for the range of engine powers presented, the increszse of the
avereg® cylinder-head temperature with averages coclant tempereture
was linear and smounted to approximetely 85° F for an increase in
aversge coolant temperature of 100° F.

Coclant-outlet pressure. - The variation of the cylinder-head
temparature between tha erxhaust vealves with coolant-outlat presmira
le gh~wn in figure 31 for an engine power of 1800 btrake horeepower,
a coo.lant mixture of Z0-percent ethylene glycol and 70-percent
vater, and an average coolant temperaturse of 226° F. Eoth the
average and maximm cylinder-head temperstures are presented at
coolant flows of 80 and 200 gallons per minute. At the high cool-
ant flow, the rate of reduction of the cylinder-head temperatures
with decreased coolant preseure was uniform over the entire range
of préssures covered (fig.31(b)), which indicates a gradual
increese in the bolling of the coolant. At the low coolant flow,
the rate of reduction of the cylinder-heed temperaturee with
coolant-outlet pressure increased as the outlet pressure wes
decreseed from 45 to 25 pounds per eguere inch gage (fig. 31(a)).
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Further reduction of the coolent pressure resulted in a leveling
off and then &n increase in the meximum cylinder-hesd tempersture.
This leveling off and lIncrease ls attrlbuted to a transition from
miclear to film-type bolling such as occurred under certaln con-
ditione when the coolant flow was reduced. For the entire range of
coclant pressures, the cylinder-head temperstures variled less than
21° F. Effects of coolant-outlet pressure cn the cylinder-head
temperature, similar to those Just discussed, are slso shown 1n
filgure 28.

During operation in the boiling range, severe bolling (film
type) with a consequent rise in cylinder-head temperature may be
encountered when reducling either the ccolant flow or the coclant
pressure. Although cylinder-head temperatures thet are consgldered
excesslve were not obitelned in the present investigation, 1t 1s
iikely that further reduction of either coolant flow <r pressure
telow the lowest values investigated would result in cylinder tem-
peratures that are consldered unsafe.

Effect of Engine Verlables on Feat ReJection to Coolant

Heat balance. - The heat balance between the coclant and the
ccolant cooling water ls presented in flgure 32. Falr agreement
1s seen to exlst hetween the results of the two methods of cal-
culating the heat rejection. In the region of high coclant heat
rejections, moat of the date fall above the metch line, which ind{-
cates that, in general, a2 lower velue of heat rejection was
cbtained when calculeted on the coolant basis. This lower value
of heat rejection is largely due to the fact that on the coolant
besls the heat of vaporization would not be included for runs
during which the coclant bollied.

Charge flow and engine power. - The variatlion of the coolant
heat rejection with charge flow for two walues of fuel-alr ratlo
obtelned when the englne speed was held congtent and the menifold
presgure was varled is shown in figure 33(a). For both fuel-air
ratios, the heat rejection to the coolant increased lineerly with
oharge flow; the increase amounted to approximately 72 Btu per
second for an increase of 1 pound per second in charge fiow.

The varilation of the heat rejection to the coolent with charge
flow when the menifcld pregsure was held constent and the engine
speed was varied is presented in figure 33(b). The heat rejeotion
increased more rapidly with charge fiow for the varlable-engine-
gpoed date than for the varlable-menlfold-pressure deata 1lliustrated
in figure 33(a). This more rapid increase is attributed largely
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to the Increase In Inlet-menifold tempersture with engline spsed
{discussed in connection with the effect of charge flow and also
englne speed on the average cylinder-head temperature) and may also
be due in part to an increases irn the cylinder-wall friction with
engine apeed.

Carburetor-alr temperature. - The varisation of the coolant
heat rejection with carburetors-gir temperature is presented in
figure 34 for two values of charge flow. BStraight-line curves,

gimilar %o thope for the: corrsesponiding cylinden-head teapmevatime
varistion, were found to fit the data. The increase In ths coolant
heat rejection for an increase of 100° F in carburetor-air tem-
pereture amounted to about 15 Btu per second for both wvalues of

charge flow.

Engine speed. - The varietion of the heat rejection to the
coolant with engine speed is presented in flgure 35 for several
engine operating conditions and charge flows. For the engine
cperating conditions presented, the coolant heat rejection
increased linesrly with engline speed, approximately 25 Btu per
gecond for an incresse in engline speed of 10C0 rpm. As proviouely
uwsntioned, this effect of engine speed on the coolant heat rejec-
tion is largely the result of an increase in iniet menifoid tem-
perature with engine gpsed and may aleo be due in part to an
increase in the oylinder-wall friction with englne speed.

Fuel-air retio. - The effect of fuel-air ratio on the heat
rejection to the coolant is presented in figure 35 for two engline
power condlticne. As for the correspmonding cylinder-head tem-
pergturs varistion (fig. 21), the sghapes of the curves for the
two power conditions sre gimller with a maximum heet rejection
occurring et & fuel-alr ratio of 0.067. For an Increase in fuel-
ely ratio fram 0.087 to 0,118, the heat rejeotion to the coolant
decreased approximately 100 Btu per second.

Ignition timing. - The relation between the heat rejection
to the coelant and ignition timing for two wvalues of engine gpeed
is shown in figure 37. A minimm point, simller to that for the
cylinder-head tempersture {fig. 22) occurred at an exhaust sperk-
plug timing of ebout 20° B.T.C. for an engine speed of 2600 rym
and. ebout 34° B.T.C. for ean engine speed of 3000 rpm. The maximum
chenge in the coolant heat rejecticn ocourred at an engine spesd
of 3000 rom and amounted to an increaee of about 35 Btu per secend
for an advance in the exhaust sperk-plug timing from the mintmm
point (34° B.T.C.) to 520 B.T.C.
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Exhaust pressure. - The effect of exhaust pressure on the heat
rejection to the cooclant is ghown in figwre 38. The curves are
gimiler to thoge of figwre 23 wherein the variation of the average
cylinder-head temperature with exhanst pressure is presented. The
relation between the cooclant heat rejection exnd the exhaust pres-
sure when the charge flow was held constant by varying the manifold
pressure is presented in figure 38(a) for ssveral fuel-air ratio
and power corditions. For each condition, the increesge in the heat
rejJection with exhaugt pressure is linesar and is slightly greeter
at the lowest fuel-air ratio. For en increase in exhaust pressure
of 40 inohes of mercury, the increasse in coolant heat rejection
ranged from 37 Btu per second for a fuel-sir ratio of 0.100 to
58 Btu per second for a fusl-air ratio of 0.063.

The variation of the oooclant heat rejection shown in fig-
ure 38(b) for constent manifold pressure and varisble charge flow
was negligible over the entire range of exhaust pressures invesg-
tigated. Thlg effect is due to the fact that the previously deter-
mined effect of the incressed exheaust pressure was offset by the
effect of the accompanying decreased cherge flow.

Variation of the heat rejection wlth engine running time. =
No mesasurable ckhenge occurred in the heat rejection to the coolant
with engine running time.

Effect of Coolant Variables on Coolant Heat Re jection

The variation of the cooclent heat rejection with the different
coolant variables investigated is presented in figures 38 to 4l.
Ag for the plots of the cylinder-head temperatures, the effects of
some variables ere illustratsd in more than one figure and there-
fore sach variable rather than sech figure will be Individually
discussed,

Coolant composition., =~ The effect of coolent flow on the heat
rejJected to the coolant for coolant mixtures verying in composi-
tion fram 1l00-percent water to 97-percent ethylene glycol and
S-percent water is shown in figure 39. Thege dets wore obtained
for constant average coolant temperatures and essentially non-
boiling coolant conditions. For all comditions investigated, an
increase in the ethylene-glycol concentration of the coolant
resulted in a decreese in the coolant heat rejection; this decrease
wags egsentislly independent of cooclant flow. For a change in cool-
ant compoglition from 100-percent water to 97-perocent ethylens
glycol and 3-percent water, the decrease in coolant heat rejection
was sbout 22 Btu per second.
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The heat rejection to the cocolant et an englne power of
1800 brake horsepower when using coolant mixtures of I0- and
50-percent ethylene glycocl in water is presented in figure 40 for
e. range of oocclant flows at two coolant-outlet temperatures. For
these conditions, during which there was consideradle bolling of
the coolant for most of the runs, the difference between the
coolant heat rejectlons for the two coolents is epproximately the
same ag for the case where there was no bolling of the ocolant
(fig. 39). The scatter of ths data, however, 1s greater than
that for figure 39, probebly hecause of difficuliies In accurately
meaguring the heat rejection under bolling conditions.

Coolant flow. - The variation of the coolant heat rejection
with coolant flow shown in figure 39, for comebant average coolant
temperature and ncnboiling ooclent oonditions, was essentlelly
independent of coolent compoeition. For a reduction in coolant
flow fram 300 to 50 gallons per minute, the coolant heat rejection
decressed mpproximately 25 Btu per second.

At conetant ooolant-outiet temperature and for both beolling
and nonboiling coolant conditions (fig. 40) the decrease in cool-
ant heat rejection wlith decreased coolant flow wea leas than half
that shown in figure 39 for the entlre range of coolant flowa
inveatigated. Thls smaller decrease is probably the result of
both an increase in the intensity of bolling and = decrease 1in
the average coolent temperature, which acoompanied the decrease
in coolent flow for these comditione. Thus, aa for the cylinder-
head temperatures, the effect of coolant flow on the coolant heat
roJoction is dependent upon boiling or nonbolling coolant condl-
tlons and whether the everage or cutlet coolant temperature i1a
held conptant.

Coolant temperature. -~ Tha verlation of the coolant heat
rojJoctlion with average coolent temperature for coclant mixturea
of 30- and 97-percent ethylene glycol in water for = range of
powers from 785 to 1450 brake horsepower 1s shown in figure 4l.
For the range of oonditions investigated, &an increase in the
average ooolant temperature resulted in e linear decrease in the
coolant heat rejection of approximately 50 Btu per second per
100° F increese 1n coolant tempersture.

Coolent pressure. - The ooolant heat rejection data plotted
against coolant flow in figure 40 were obtained for eeveral
coolant-cutlet rressures and are keyed accordingly. No signifi-
cant trenda or effecta of the coolant-outlet pressure on the
coolant heat rejeotion are evident for the range of copditions
Inveetigated.
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SWWMARY (F RESULTS

From an investigation of the cooling characteristics of a
muiticylinder, ligquid-ccoled alrcraft engine of 1710-cubic-inch
displacement over wide rangee of engine and coolant conditioms,
the following results were obtalned:

1. Both the cylinder-head temperature between the exhaust
valves and the coolant heat rejection increased with the fellowlng
variebles:

(2) Iinearly with charge flow (air plus fuel); the increase
smounted to about 50° F and 72 Btu per second, respectively,
for an increase in charge flow of 1 pound per second.

(b) ILineerly with carburetor-air temperature; the incresse
smounted to about.3° F and 15 Btu per second, respectively,
for 100° F increase in air temperature.

(c) Iinearly with engine speed when the charge flow was held
conatant (& result of an attendsnt incremse in the manifold
temperature resulting from an increase in the temperature
rise across the supercharger with engine speed); the
increase amounted to about 8° F and 25 Btu per second,
regpectively, for an increase in englne speed of 1000 rpm.

(d) Ae the fuel-eir mixture was leaned to a fuel-eir ratio
.of ebout 0.067 arnd then decremsed with further leaning. A
decrease in fuel-air ratio from 0.118 to 0.067 resulted in
increases of 65° F and 100 Btu per second, respsctively.

(o) As the ignition timing wes either increased or decreassd
from & particular value for each engine speed. The maximum
rate of lncrease ocourred at an engine gpeed of 3000 rpm
and amounted to about 20° F and 35 Btu per second, respec-
tively, for an advance in the exhaust spark-plug timing
from the minimm point (34° B.T.C.) to 52° B.T.C.

(f) Linearly with exhaust pressure when the cherge flow wes
held oonstant {variable manifold pressure); for an incremse
in exhaust pressure of 40 inches of mercury the increass
ranged from 23° P end 37 Btu per second, Yespectively, at a
fuel-eir ratio of 0.100 to 32Y F and 58 Btu per second,
regpectively, at a fuel-air ratioc of 0.063. There wes
no significent change in either head temperature or coolant
heat rejection when the manifold pressure wes held constant
(variable charge flow).

883
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2« The cylinder-head temperature between ‘the exhaust valves
increased end the coolent heat rejection decreased:

{(a) With an increasse in the ethylene glycol concentration of
the coolant. For a changs in coolant composition from
100-percent water to 97-percent ethylene glycol and 3-percent
water, the oylinder-head temperature inoressed about 80° F
at & coolant flow of 300 gallons per minute and about S0° F
at 50 gellons per minute, and the coolant heat rejection
decreased sbout 22 Btu per escond for all coolant flows,

(b) With a decrease in coolant flow; the magnitude of the
change depended upon whether or not the coolant boiled and
whether the average or outlet coolaent temperature wee held
constant. For a decrezee in coolant flow froam 300 Lo
50 gellong per minute a maximm inoresee in the cylinder-
head temperature of about 70°C F and a maximm decresee in
the coolant heat rejection of about 25 Btu per second
occurred for constent averege coolant temperature and non-
bolling coolent conditions when using a coolant compoeed
of 97-percent ethylens glycol and 3-percent water.

(¢) Iineerly with an increase in average coolant temperature;
the change amounted to about 85° F and 50 Btu per second,
respectively, for an increase of 100° F in coolant temperature.

3. A linear relation existed among the average temperaturee
for esch location in a1l of the 12 cylinders and aleo between the
mayimm gnd average temperature for each location.

4, The variation of the cylinder-heasd temperature with coolent-
outlet pressure depended upon the mode of heat transfer. TFor the
entire range of pressures tested, the maxrimmm change in head tem-
perature with coolant pressure was lese than 21° F.

S5« The temperature In the cyllinder head between the exhaust
valvee increased about 20° F for an increaee in engine operating
time from 20 to 150 hours. Thie increasee le atiributed To a
rrogreseive ecale buildup on the coclant passagee In the exhaust
slde of the cylinder head.

6. No significant varlation of the coolant heat rejection
with elther coolant preesure or englne rumning times could be
detectsd.

Flight Propulsion Research laboratory,
Fetlonal Advieory Committee for Aercmmutlics,
Cleveland, Ohio, December 29, 1947.
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TABLE I ~ SUMMARY
Variable or Engine Engine jManifold g; Fusl-alr |Cerbu- Ignition
type of test| power epeed |preseurs|{eir + fuel) ratio retor- timing
(bhp) (rpm) {in. H? Llow air (deg B.T.C.)
abe. (1b/se6) tempars
’?g;? Exhauat|Inteke
[Engine power | 400-1189 2600 2448 | 1.03-2.47 G080 {0 & T
or charge 275«12360 2800 21-64 «B4=2.76 006 B85 x4 o8
flow 490-1600 S000 26=58 1.,38=3,53 «086 1c0 34 28
9E6=-1860 3200 4173 2.35=-4,40 V95 =5 34 28
860= 940]2000-3200 40 1,70=2,18 «080 60 34 28
760- B873}1800=3200 40 leS4=2.l4 095 86 34 28
430= 630]1400=3200 30 «88-1,60 . 095 86 5S4 e8
370« 640]{1200-3200 30 «73=1.57 080 60 34 28
Fngine epeed | 662- B25|2300-3200 SRwud6 1,72 0,080 17 54 28
E47=. R121L2300.3200 34-40 1.72 0280 140 z4 28
662= 868]12000-3200 3340 1,76 005 17 54 28
648« 742 [2000«3200 31=-40 1.58 «095 143 54 28
Fueleair 740= 790 2600 36 1,95 0.064=0,1156 66 34 28
ratio 751~ 837 2600 34=36 l.84 «062= ,100| 120 34 28
760= 960 3000 I0=4l 2,20 +064- L1118 26 54 28
Ignition 677« 665 26800 30 1,563 0.006 40 14=-54 8=-48
timing 780~ g22! 3000 40 2,19 096 19 18=52 |10-46
Carburetor-~ | 786= 794 2600 34=35 1.83 0.096 80-184 B4 28
air temper= 655= 500 2600 RT=30 1.39 »080 =20=170 x4 e8
ature - 659~ 676 2600 30-04 1,58 +085 =27 =144 34 28
798~ 846 3000 36-40 2.04 085 ~43=l46 >4 28
Exhauet 427~ 882 2600 35 1.36=1.92 0,085 32 34 28
proseure 540- 612 2400 28=36 1l.43 « 063 24 x4 28
598~ g8 2500 30=4C 1.80 «100 4 34 28
620- 728| 2600 30-42 1.59 086 39 34 28
944~ 994 3000 40=4"7 2428 «085 -2 34 28
692~ 682 3000 30=-41 1.65 085 19 34 28
Cbolant 1000 2600 44 2421 0.092 75 54 28
oonditione 1000 2600 44 2.2k «083 80 34 28
1800 3200 70 44,19 «095 0 54 28
18GC 3200 7o 4,19 «085 o) & 23
1800 3200 70 4,19 «006 0 54 28
1800 3200 70 4,19 «0086 0 34 es8
780,1150 |2600,3000| 36,50 | 1.78,2.71 .086 83 34 28
780,1180 |2600,3000 36,50 1,78,2,71 +005 83 o4 28
780,1160 12600 ,3000 36,50 1.78,2.71 085 83 34 28
780,1180 12600 ,3000 35,50 1,78,2.71 +005 83 34 28
780,1160 |2600,3000 36,50 1.78,2.71 . 095 83 54 28
85 2600 o6 1.80 095 83 34 28
796 2600 3 1l.84 +095 B84 54 28
1800 3200 70 4,19 +095 0 34 28
1000,1250,| 3000 |42,51,60| 2.39,2.94, .085 50 =4 28
1450 3+40
310-1200 |2000-3000 24=53 «73=2.80 +0b4= 096 75 34 28
Engine 660 2600 32 1.57 0.095 8g 34 28
Irunnning time

8Epgine equipped with aftsrocolsr.
DANEg sthylene glycol,.
O%Coolant-cutlet temperaturs.

€838
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OF TEST CORDITIONS
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Exhaust Coolent, Coclant Average Engine Oil-inlet | Engine
preasure lycol-water flow coolant coolant- temperature
(in. H percent by |(g&l/min)| temperature outlet (°F)
abe.f {s) e | (°F) pressure
Ethylene |Water {1v/sq in.
glveol - _ gage)
30 70 2565 245 5] 178 [
30 70 260 245 35 180 D
30 70 250 245 13-33 180 BL
20=30 30 70 300 245 35 180 D
30 70 256 245 33 178 Cc
30 70 280 2456 36 180 D
30 70 250 245 35 180 D
30 70 255 245 30 176 [
30 70 00 245 35 180 D
20=30 30 70 300 245 35 180 D
30 70 300 245 35 180 D
30 70 300 245 35 180 D
30 70 270 £245 35 180 Cc
29-30 30 70 220 245 27 180 BR
30 70 250 240 36 180 D
£9=30 30 70 300 245 35 180 D
30 70 300 245 36 180 D
30 70 230 245 26 180 B2
29-30 30 70 270 245 30 180 C
30 70 300 2456 35 180 D
30 70 300 2456 35 180 D
10=61 30 70 250 245 35 180 D
5=45 30 70 250 245 35 180 D
10-60 30 70 280 245 35 180 D
10=61 30 70 250 245 35 180 D
12-52 30 70 250 245 35 180 D
12=59 30 70 250 245 35 180 D
h bg7 3 £200=300 |¢220,9850,0275 10 180 A
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valves for comstanbt aveTmgs coolant tsmperalture and nonbolliug coolant eonditions with
vearious ethylens glycol-water mixturee. Fuel-alr ratioc, 0.085; carburetor-air tempsra-
ture, 83° F; aversge coolant temperature, 245° F; engine coclent-outlet preeewras, 35
pounds per equares inch gage; engine D.
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for several constant coolant-outlet temperatures and nonbolling coolant oonditiona, Engine
Power, 1000 brake horsepower; engine epeed, 2600 rpm; manifold pressurs, 44 inches mercury

absoluté: charge flow, 2.21 pounds per seoond; fuel-air ratie, 0.08%2 to G.003; earbvuretor—-air

temperature, 75° to 80° F; engine A.
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Coolant flow, gal/min
(b} Coolant, 30-70 ethylene glycol-water.

Figure 28. - Effect of ccolant flow on avera%e cylinder-head temperature
between exhaust valves for several constant coolant-outlet temperatures
end ror bolling end ncnbolling coolant condlitions. Engine power, 1800
brake horsepower; englne apeed, 3200 rpm; manifold pressure, 70 inches
mercury absolutc; charge flow, 4,18 gounds per second; fuel-air ratio,
0,095 carburetor-alr temperature, 0° F; engine C.
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{(a) Aversgs coolant temperaturs, 223° P; engine coolant-
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(b) Average ooolant temperaturs, 250° F; engine ssolant-
outlet pressure, 22 pounde per equare inch gage.

Flgure 29. - Effect of coolant flow on cylinder-head temperature
hetween exhauet valvee for several average ooolant btemperatursa,
Engine power, 1800 brake horeepower; engine spesd, 3200.rpm;
manifold preesure, 70 inchee meroury abeolute; charge rlow,

4,19 pounde per second; fueleair ratio, 0.095, carburstor=sir
temperature, 0° F; ooolant, 30-70 ethylens glycol-water; engine E.
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Figure 30. = Effect of averege coolant temperature on average cylinder-head temperature
between exhaust valves. Coolant f'low, 180 to 220 gallons per mlnute; engine coolant-
outlet preasure, 10 to 3% pounds per square inch gage.
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Figure 31, - Effeot of engine ooolant=cutlet preeesure on cylinder-hsad
temperature between exhauet valves when ueing 30-70 ethylene glycol~
water as coolant at aeverage coolant temperature of 226° F, Engine
power, 1800 breke horeepower; engine epeed, 3200 rpm; manifold
preeeure, 7Q inchee mercury aheclute; charge llow, 4.1l9 pounds per
eecond; fuel-alir ratio, 0.095; carburetor-alr temperature, 00 F;

engine E,
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Heat rejectlon to coolsnt cooling water, Btu/sec

B5

42
85—
PR
e 4 &
38 x e
" 5%
x FAPIR IS 4
[ =
ol Xy
| X XN %
34 )
i Sal %
g Match 14
[—~Matc ne
5 OP P, oo
PR
A '
&
°<
26 =
= o Engine
- NS A o 4
<
Lod + B
2 00015 o g ¢
3 D
gﬁé’ o E
o x4
18 58T
%‘6 NACA,
140f
140 1ls0 220 260 300 340 380 420

Heat rejectlon to soolant, Btu/sec
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Figure 38. - Effect of ohar
glyool-water; average coo

Charge flow, lb/esd
{b) Conetant manifoid preesure with variable engine epesd.

fo flow on heet rejection to coolant. Co&.:lant, 30-T7TC sthylene
ant temperature, 245° F; coolent flow, 250 to 300 gallone per
minute; engine coplant-cutlet preseurs, 13 to 536 pounde per square inch gage.
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Figure 36. = Effect of fuel-alr ratio on heat rejection to cooclant.
Coolant, 30-70 ethylene glycol-water; average coolant temperature,
245° F; coolant flow, 220 to 270 gallone per minute; engine coolante
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Figure 37. - Bffect of ignition timing on heat rejection to coolant. Fuel=-
alr ratio, 0.0955 coolant, 30-70 ethylene glycol-water; average coolent
tomperature, 2459 P; coolant flow, 300 gallons per minute; engine coolant-
outlet pressure, 35 pounds per square inch gage; engine D,
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Flgure 3B. - Effect of extiaust pressure on heat rejection to coolant.
Coolant, 30-70 ethylene glycol-water; avereage coolant temperature,
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Figure 40. - Ef'fect of coolant flow on ccolent heat rejection. Engine
power, 1800 brake horsepower; engine speed, 3200 rpm; manifold
pressure, 70 inches mercury absolute; cherge flow, 4.l9 pounds per
second; fuel-air ratic, 0.085; carburetor-air temperature, 0° F;

englne ¢,
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Flgure 41. - Eiffect of average coolant temperature on heat rejection to coolant. Coolant
Tlow, 190 to 220 gellons per minute; englne coolant-outlet pressure, 10 to 35 pounds per
square Inch gage.
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